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ABSTRACT 


The heat and momentum flux due to standing planetary waves in the strato- 
sphere has been calculated on the basis of satellite data. The convergence of 
these fluxes has been investigated and show an apparent heating and acceleration 
of the mean zonal state. The Eliassen-Palm flux divergence calculation shows 
that the mean zonal state is effectively decelerated. Furthermore the inter- 
action between ultra-long waves and waves k - 4 - 15 in the troposphere has been 
investigated for a winter period and has been discussed in connection with the 
geopotential wave one amplitude, which increases before a stratospheric warming 
event occurs. b 


The investigation of processes which determine the deviation of the zonal ly 
averaged temperature and wind field from radiation equilibrium is a central 
question in stratospheric dynamics. LEOVY (1964), HOLTON and WEHRBEIN (1980) in 
their model calculations take into consideration a linear drag that produces a 
??™ atl0n P I ' 0 P ortional to the mean zonal wind, while SQIOEBERL and STROBEL 
(1978), DETHLOFF and SCHMITZ (1982) additionally consider the momentum transport 
by planetary waves. On the basis of a stationary model. Dethloff and Schmitz 
shoved that the planetary wave influences on the mean state are small above the 
stratopause. In the following at first the standing momentum and heat flux and 
t .0 divergence of the Eliassen-Falm flux is investigated. Furthermore the wave 
k * 4 - 15 projection on the ultra-long waves in the troposphere preceding the 
occurrence of a stratospheric warming has been calculated. 


The data basis is the monthly mean standard 500, 200 mb topographies of the 
European Meteorological Bulletin, the 100, 50, 30, 10 mb topographies from 
Obninsk, the synoptical bulletin and the 5, 2, 0.4 mb data source are the NCAA 
NHCnaps for the winter 1974/75 where meteorological rocketsonde and satellite 
radiance data are used for analyses. The high topographies arc given once a 
week ’only. The momentum and heat fluxes are calculated from the planetary wave 
amplitudes and phases. In the following the mean December values for the two 
years will be discussed. In Figure 1 the amplitude of pla: etary wave one is 
shown. The maximum of wave one appears at 70°N at a height of about 35 km with 
0 gpm. Figure shows the meridional standing momentum transport due to the 
sum of waves k, ■ 1 - 3. The momentum transport has high values in the jet 
region of the upper troposphere and at a height of 50 km in middle latitudes. 

The meridional heat transport of the waves k - 1 - 3, given in Figure 3, also 
has largest values in the stratosphere, the two fluxes being essentially deter- 
mined by the wave one contribution. 

. These shortly discussed fluxes are the basis for a determination of the 
interaction between ultra-long waves and mean zonal circulation, according to 
the Eulen*n zonal ly-averaged momentum and thermodynamic equation. The inter- 
action of the zona 1 ly averaged state with the planetary waves is explained 
through the convergence of momentum and heat fluxes. The effective acceleration 
and heating rates, resulting from these terms, have been calculated for the 
monthly mean December of the years 1974, 1975. The largest acceleration appear* 
in high latitudes at 35 km with about 12 ns A /day. The convergence of the 
meridional heat flux seems to give strong heating rates of about 4°K/day at high 
latitudes and at a height of 40 km, but cooling in middle latitudes. These 
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Figure 3* . 

v.luc. are lower than thoae given by CELLER (1982), because here ve discuss the 
•tanding part of fluxes only. The calculated effective dynamical beating ..tea 
in the stratosphere are approxi.jtely equal to the diabalic heating cate. From 
Mr?w?™ C norJ? l -°Y hCOrra Cl a!ARKEY and DRAZl » <*961> and AKDREVS and 

diamine ?h V?. th r ? nC ? btains oi ‘ l " din R physical information vhen 
discussing the influences of the planetary wave oocentuo or beat fluxes alone 

because steady planetary waves without dissipation or internal forcing do not 
force the ronsl mean stale. EDKON et al. (1980) propose the use of residual 
mean equations for a discussion of the net effect of planetary waves fluxes on 
the cean flow. The wave* are introduced into thi* *yston only through the 

r!^ rK T\ th ! E r l i‘“ en ' P * ,n ‘ fluX io tha tonal momentum equation. 

Figure 4 shows the Eliassen-Faln flux divergence for the standing waves as a 
mean value of December 1974/1975. The EPF divergence ha. ncg.tive value, at a 
latitude of 40 *-60 "N of the stratosphere, whereas the divergence term of the 
tulcnan tonal momentum equation is positive so that the ucan ronal state is 

’ C^LEER‘^9BI)‘ r H^ l ! r ‘ t ‘'^ w“ con ; ra * t to ar > acceleration in the Culcrian picture. 
CELUS (1982) discussed this relation for the data of January 1979 where he 
found a tonal mean state acceleration which is reduced by a factor 2 when cal- 
culatcd from the Err divergence. If wc discuss the December mean couristing of 

meJidL^f }? V8lU *' f 5 : 2 * ?- 4 “ b a ‘ a solution, then the residual 

orridiomil flow la induced to balsncc the EPF divergence. 

Furthermore we have inveatigated the connection between standing and 
transient fluxes and their spectral characteristics on the data basis of the 
Vinter period 1970/ v I . The results suggest a relation between the ronal mean 
ultra-long k - 1 - J , n d thr k - 4 - 15 wave transport. One possibility for 
such a relation is that this process is conducted via the mean ron.il state, the 
other is the nonlinear interaction between ultra-long waves and waves k « 4 - 15 

vlriabiliL «f CU u th ? ‘* t,er Mnce P tion father, because it seem, that the time 
variability of ultra-long wave, tn the stratosphere is also connected with thi. 

Fu J therror ' the question arises whether the high intrerse of the 
amplitude, of geopotrntta. wave one or two in the troposphere before a strato- 
pheric warming is related to the interaction between ultra-long and waves k • 
15. This question has been investigated by calculating the projection of 
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nonlinear interaction of b.roclinic wave. with -avenger. 4 - 15 on 
long vavci at 200 ob. 

- -^1 V * v * 0 *u* have been investigated. Tbc*e 
The wave transport teres u«v . v • d cxc ite or dissipate ultra-long 

transport* a^.r in th« ;•-««* ^he v"v\.1 . 2. 3 and ( )* {or the b.ro- 
vavea. The *yr.bo! ( ) ‘tend* \ h % wc .u.cusa for rxoaple (Wv*), aa 

clinic wave k - A - 15 , 5 and the wave k - 1. Figure 5 give, 

the interaction between the wave, k pro ; ect ion on me wavenicbcr. k I, 

the .landing plu. tran.ient wave k io ‘ J t h wave 1 appear, ouch stronger 

2 for the tran.port v‘v«. Th » « <tir . g tc determine the . C ,H>ct.„ce 

• t S *ource°f or **n Ut.rf^n of .landing ultra-long wave, m -del.. 

Figure 6 .how. the geopotential ""'“j'gt^Decenber ^tSs'K. 20lh 

Deceobcr 1970 to January 1971 at 200 ^ vc observed an « c <; cl * re “ on 

Ecccober at 50--70*.., -»d about ^ varoin( . v> . ob , elV ed around 

of wave-one mplitude. For tl j vaf stimulated by the amplitude 

10th January and it senaa that this warn ^ . • necessary 

•> ”V . «*« i «* 

prerequisite for the development of “ ,tr “° r u:sber t . i „ 200 nb. The 
baroclinic wave projection < v * v *| tmt are UtE er than the monthly 

thickened i.olinc. for the wave p j . o{ t | ie curve, .hows that in 

oean total value by a l f#ctor ** ' .trHg baroc linic wave interaction, with 
eiddle or high latitude. wave rap litudc accelerations. Further 

wave 1 correspond with period, of J«8« ^ Lplitude. w«. estimated on the 

ir.:. th of s t h r u rr ^ r - r^-Ti . . 

* — ~ “ ~ ~ 

th . sr.."u UmUsrs.ru *. 

upper troposphere. 


r 


G 










I 




115 



ACKNOWLEDGEMENT 

I thank Dr. N. Cricger and V. Kruger for their efforts in the preparation 
of the observational result#. 

REFERENCES 

Andrews, D. G. and M. E. McIntyre (1976), J. Atmos. Sci., 13, 2031. 

Charncy, J. C. and P. C. Drazin (1961), J. Ceophyt. Res., 66, 63. 

Dethlof f , K. and C. Schmitz (19S2), Phys. Solaritcrr., Potsdam, H, 91. 

Ednon, H. J. t B. J. Hoskins and M. E. McIntyre (I960), J. Atmos. Sci., 37.* 

2000. 

Celler, M. A. (1982), Dynamic# of the oiddle atmosphere. Tutorial lecture 

delivered at the Fifth International Symposium on Solar Terrestrial Physics 
in Ottawa, Canada. 

Schoeber 1 , H. R. and D. F. Strobel (1978), J. Atmo#. Sci., 3^, 577. 




